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Synthetic a-Galactosylceramide (ot-GalCer) Mimics as Therapeutic Agents 



Background of the Invention f 

Agelasphins, a family of a-Galactosylceramide Cot-GalCer, EK3L 1), were originally extracted 
from marine sponges and found to exhibit potent anti-tumor properties and other therapeutic 
applications (Natori et al. 1994). One of cc-GalCer synthetic analogues, KRN7000 (FIG. 1) is 
a promising immunomodulatory agent, which is cuoently being evaluated for its potential 
benefits in antitumor and anti infectious therapies as well as in toe prevention of type I 
diabetes and autoimmune encephalomyelitis. The adjuvant effect of a-GalCer has also been 
demonstrated with various different immunogens by its ability to strongly enhance antigen- 
specific CD8 + T cell response (Gouzalez-Aseguinolaza et al. 2002). 

« 

a-GalCer and its analogues are known to induce ceil proliferation and cytokine production by 
natural killer (NfK) T cells. Recently it was demonstrated that activation of NKT cells by a- 
GalCer causes bystander activation of NK, B, CD4+ and CD8 + T cells (Gonzalez- 
Aseguinolaza et al. 2002). A unique pr<^efrty of oGalCer is its ability to induce both Thl 
and Th2 immunity, which is effected by cytokines such as interIeukin-4 (EL-4) and 
interfercm-gamma flFN-y)- Some a-GalCer analogues activate NK T cells, which in turn 
secrete both and IFN-y. Thus a-GalCer can stimulate both humoral and cellular 
immunity through the induction of IL-4 (Th2) and TFN-y CThl) respectively. Compounds that 
elicit predomkanfly or exclusively IL-4 might be useful as therapeutic agents for Thl- 
mediated autoimmune diseases, such as inflammation, type I diabetic, and multiple sclerosis. 
On the other hand, compounds that predominantly elicit IFN-y might be useful in effective 
vaccine development against intra-cellular pathogens, such as malaria, tuberculosis, and 
cancers. 

i 

Pepride/glycopeptide antigens are processed and presented by andgen presenting cells (APC) 
through the class I or class II proteins of flie major histocompatibility complexes (MHQ to 
the T cell receptors (TCRs). On the other hand, glycolipid antigens are bound to CD1 
molecules and presented 10 TCR. In die case of a-GalCer, it binds to CDld molecule and the 
complex is recognized at picomolar concentrations by the conserved semi-invariant, CD Id- 
restricted o3 TCR of mouse and human NfC T cells (Kawano et al. 1997). The nature and 
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orientation of the polar head group of a-GalCer molecule axe likely to be important for TCR 
contact, while the nature of the lipophilic group m die ceramide moiety modulates The 
binding of a-GalCer to CDld molecule. Collectively, both carbohydrate and ceramide 
moieties play important roles in the exhibition of biological activities of a-GalCer molecules- 

Brief description of the invention 

The goal of the present invention is to design novel mimics of a-GalCer that display 
biological activities similar to their natural counterparts. One of our premises is to build 
active components such as the carbohydrates, the hydroxymethylene and the amin o group 
that carries a lipid chain, around the central optically active central carbon (FIG. 15). In 
'another aspect we have also chosen the derivatives of serine (1) and pentaeiythricol (2) to 
represent the central carbon atom and act as core of biological activity. 

' V 

In one particular aspect, it is to design new structures that elicit predominantly Th2 
cytofcine(s) f (e.g. IL-4), over Thl cytokine®, e.g. (lEN-y), or vice versa, so that selective 
modes of immune responses and therapy can be achieved with these compounds as adjuvants 
to a vaccine. As shown in FIG. 3-11, various a-GalCer mimics were designed. Some of 
these molecules have been synthesized (FIG- 12^ 14) and biologically evaluated- Synthetic 
strategies have been developed to prepare a-GalCer molecules that contain double boud(s) in 
the aglycone. 

Brief Description of the Figures 
HG.1 

Shows structures of a natural oe-OalCer, AGLrSHb, which was isolated from marine sponge 
and exhibited potent anti-tumor activity; and a synthetic analogue, KRN7000, which is 
currently being evaluated as a therapeutic agent in clinic. 

r 

FIG. 2 

Shows various structures being incorporated into ceramides in the design of a-GalCer 
mimics. Unsaturated fatty acids and fluoro-subsrituted lipids can modulate die flexibility of 
the lipid chains, which in turn affect (he antigen presentation of these mimics by CDld 
molecules to TCR and thus modulate their bioldgical activities. Similarly, di-lipo-fatty acid 



and serme-containing fatty acid all contribute to die lipophilic nature of a-GalCer derived 
therefrom. 

FIG. 3 

Shows a-GalCer mimics containing unusual W-acyl groups cm natural sphingosine. 
FIG. 4 

Shows ot-GalCer mimics having unnatural iV-acyl groups on sphingosine which carries a E- 
4,5-double bond. The £^,5^ne-sphmg6sine has not been found for natural a-GalCer 
molecules from marine sponge, but is present in ganghosides from thatt^h^ sources . 

FIG. 5 

Shows a-GalCer mimics where the galactose is replaced by 2-acetamido-2-d B oxy- 
galactopyranose (GalNAc) and the ceramf de carries an unusual JV-acyl group. 

HQ. 6 

Shows a-GalCer mimics wherein the core of sphingosine is substituted by a simple serinoL 
FIG. 7 

Shows a-GalCer mimics wherein the core of sphingosine is substituted by a simple serine. 
The carboxylic group of serine can be esterified, amidated, or exist as free acid form. 

FIG. 8 f 

Shows a-GalCer mimics containing chemicaUy modified sphigosine in mat the carbon chain 
is disrupted by incorporating heteroatorhs, e.g„ O, NH and S, in the form of ether, eseer, or 
amide linkages. 

FIG. 9 

Shows a-GalCer mimics containing an amine-substitmed pentaerythritoi unit to replace the 
natural sphingosine. 
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Shows examples of a-GalCer mimics where divalent galactose is built on the pentaeiythritol 
unit. 



FIG. 11 




potential functional mimics of.a-GalCer mimics. 
FIG. 12 

Shows the synthetic pathway for ttuee a-GalCer mimics, 1, 2 and 3, based on serinol. 
FIG. 13 

Shows the preparation of oGalCer mimic 4 containing an arachidtoxric acid moiety. 
FIG- 14 

Shows the synthetic pathway for a-GalCer mimic 5 and 6 containing £-4,5-sphingosine. The 
method is generally applicable for preparing a-GalCer mimics with double bond(s) in the 
aglycone moiety. 



Illustrates serinol, serine and pentaeiythritol based tetrahedral carbons used in the 
construction of monovalent and bivalent a-Gal-Ceramide mimics. 
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Claims: 

1. A structure of the following general specifications: 

« 

R V R2 

OH 

wherein, 

R represents a carbohydrate chosen from hexoses, pentoses, deoxyhexoses, 
aminohexoses. N-aceryl aminohexoses or sialic acid. 

R 1 is a substituent chosen from the following group of structures: 
-CHiCCH^CBb, ^ 
-CH=aEI(CH2)B)CHb, 
-OKOI^CCHainCHa, 
-CH2(GH2),aCH(CIfc)CH2CH3, and 

-CH(OH)(CH 2 ) nJ CH(CH3)2 where 'm' is an integer of value between 6 to 20. 
R 2 is a substituent chosen firom the following group of structures: 
-H, 

-CH 2 (CH2)mCHb, and 

-CO{CH2)mCH3 where 'ni' is an integer of value between 0 to 30. 
R 3 is a substituent chosen from the following group of structures: 
-CO(CF:0mCF 3 , 
-COCF a (CHa)n,CH 3 , 
-COCCH^kC^CIDnCCHiVCHa, 
-CO(CH z ) k (CH^CH-CH 2 ) Q (CH 2 )mCH3, and 
or, a structure of the following group: 
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H ^(CH 2 )^{CH=CH)j r -(GH=CHCH 2 ) r CH 3 



(CHaJsrCCHsCH^fCH^CfiCH^CHa 




0~(CH2) m - 



wherein, 

*M* is CEfe or CO; 'k' and 'm* are independent integers with values from 0 to 
30; 4 n' and *p* are independent integers with values from 0 to 10. 

2. A compound of claim 1, which is Anther defined by die following structure: 
H — C 

OH R6 

whete, 

R is preferably chosen from the following structures I and II. 




NHAc J_ 



R 3 is a substituent chosen from the following group of structures: 
-COCPi(CH 2 ) m CH3, 

-CO(CH 2 ) t (CH=CH) 2 (CH=CH) n (CH 2 ) ni CH3, 



f 7 



-COCOT^CCPfcCH-CH^CH^CH-CH^CCHz^CHa. 
or, from the following group of structures. 



9 v 



^(CHaJHrtCH^H^tCH^CHCH^CHa • (CH^CFaV-CF., 

O o' 



'(CH^K-CHa 



O 

HN^^^tCH-CHJn-^H^HCHaJp-CHa 
'S^^tCHgJ.rCHa 




wheiein, 

C M' is CR2 or CO; 'k* and % m* are independent integers with values from 0 to 

30; V and 'p* .are independent integers with values from 0 to 10. 

R 4 isHor OH, and R 5 is H; or R 4 and R s may be flanking groups of a double 
bond 



A compound of claim 2, which is defined by the following specific structure. 
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4. A compound of die following structure: 

■V 

OR* 

where, 

R represents a hexose, pentose, deoxyhexose, aminohexose, 
N-acetylaminohexose or a sialic acid; 

R 1 is a substittient chosen from the following general strucutres: 
-H, 

.X-Y-Z.(GH 2 ) m CH3, 
-X-Y^Z-(OT 2 )k(CH==aH[) n (CH 2 ) m CH3, 
-X-Y-Z^CCH^CHCOI^CCHOm^, 
where, g 

4 X' and "Z are independently CH2 or CO, and is O, NH, or S; 

'k 1 and < 2n' are independently integers from 0 to 30 inclusive, and 'n' is an 

integer between 1 to 10 inclusive; 

R 2 is a substituent chosen from the following group of structures: 
-H, 

-CHbCCHa^CHa, and , • 
-CO(CHa) m CH3 
where, 

'm' is an integer with values from 0 to 30. 

R 3 is a substituent chosen from die following group of strucutres: 

-CO(CH^CH(OH)(CH 2 ) k CH 3 

-CO(GF 2 ) m CF 3 , 

-COC2*2(CH2)mCH3, 

-CO(CH 2 ) k (CifcCH) a (CH^ m CH3, 
-CO(CH 2 )k(CH=CH-CHa)l(CH2)mCH3, 
or, from the following group of structures: 



1 



JLX 



^M-tCHaJHrCCHsCHJii-CCHsCHCHaJp-CHa (CH^-CCFgJrCFa 



o 

o 



Hj/^tCHahr^CHJiT-pH^HCHsJp-CHa 



Hfj^tCHahH-tCfeCHJjrfCH^CHCHa^CHg 




wherein, 

4 M" is CH2 or CO; 'k' and W are independent integers with values from 0 to 
30; *n' and *p' are independent integers with values from 0 to 10. 

R 4 is a substituent chosen from the following group: 
-H, 

-M-(CH 2 ) m C3I(OH)(CH 2 ) k CH3, and 
-M-CH(CH 2 OH)(CH2) m CH3 
where 

4 M 9 is CHa or CO; V and 'm* are independent integers of values from 
0 to 30. V 

<• 

5. A structure according to claim 4 is further specified as follows: 
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where, 

R 3 is a substituent chosen from: 
-COCCHa^CHCOHXCH^CHa " 

-CO(CF2)mCF 3 , 

-COCF2(CH 2 ) m CH 3 , 

-CO(CH 3 )k(CB[=CH-CH2);(CH 2 ) m CH3, 
or, a structure of the following group: 



0 

O 

Hf/^tCHaJra-tCHsCH^CCHsCHCHaJp-CHa 
/ Sr V " Ck (CH a ) I rCH3 



(CHa) k -CH a 




wherein, 

'M 9 is CH2 or CO; *k' and 6 m' are independent integers with values from 0 to 
30; 4 n f and *p' are independent integers with values from 0 to 10* 



A compound of claim 5 with die following genera] formula 



where, 

R 3 is a substituent chosen from the following group of structures: 
O V 





7. A compound of claim 6 that has the following structure: 




8. A compound of the following structure: 



V R2 



where, 

R represents a a carbohydrate chosen form hexoses, pentoses, deoxyhexoses, 
aminohexoses, N-acetylaininohexosyl or a sialic acid; 



'X* denotes O, NH or S- 

R 1 is a substitution .group defined by die following: 
-H, ' f 

-(CH 2 ) k (CH=CH) n (CH 2 ) m CH 3l 
-(C^tCHCOHX^JaCHa, 
where, 



Tc' and *m* are-independent integers of values from 0 to 30, and 'n' is an 
integer of values from 0 to 30. 

R 3 is a substituent chosen from the following group: 
■H, 

-CEfe(CH2)jnCHb, and 

-CO(CH Z )mCH 3 

where 

'm' is an integer of values from 0 to 30. 

R 3 is a sttbsdtuent chosen from the following group: 
-CO(CH2) m CH(OH)(CH2)kCHa 
-COCCF 2 ) m CF 3> 
-COCF 2 (CH2) m CH 3 , 
^(^kCCHssCHWCI^nCHa, 
-CO(CH2)k(CH==CH-CH2) a (CH2)mCH3. 
or, a structure from die following group: 

^-(CH^fCH^CH)— (CH=CHCH2)p-CH 3 (CH^-tCFak-CFa 



O 

j^^^HaJfriCHNCHJir-tCHaCHCHaVCHg 
O ' 

o 



*{CHg)|f CHs 



O— (CHa) m - 




Wherein, 

*M* is CHz or CO; 4 k' and 'm* are independent integers with values from 0 to 
30; *n 7 and fc p* are independent integers wiih values from 0 to 10. 
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9. A compound according to claim 8 with a'structure of the following specifications: 



-H, 

-(CH 2 )k(CH=CH)a(CH2)mCH3, 
-(CH 2 )kCH(OH)(CH 2 )„ 1 CH3, 

where, 

'k' and < m* are independent integers of values from 0 to 30 and 'n' is an 
integer of value from 0 to 30. 

R 3 is a substitution group chosen from: 

-COCOEfcJmCEKO^CCHa^CBb 

-COCCFz^CF* 

-COCFaCCHzUOfe, 

-CO (CH 2 )k(CH=CH)n(CH2) r „CH3, 

-CO(CH 2 MC^=<3I-CH3)n(CH 2 ) m CH3, 

or a structure from the^llowing group: 



HO 



.OH 




O 



where, 

*X' denotes O.NHorS.^. ■ 

R 1 is a substituent define*d by one of the following specifications: 



O 

t CH ^ CHa V Jl - i -(CH a ) |f -CH 3 



HN A(CH 2 h ?r (CH=CH)— (CH-CHCH^CHa 

O 

^^^(CH^r^CHhr-fCH^HCHaJp-CHa 




O-tCHs)^ 



wherein, 

'jMT is CH2 or CO; £ k' and 4 rn' are independent integers with values from 0 to ^ 
30; V and *p' ane independent integers with values ftom 0 to 1 0. 

10. A compound of the following general structure: 

f 

T 

where, 

R 1 and R 3 independendy represent a hydrogen or a carbohydrate such as a 
hexose, pentose, deoxyhexose, aminohexose, N-acetylaminohexose or a sialic 
acid. 

» 

R 3 is a substituent chosen from the following group: 
-H, 

-(CH 2 ) m CHj, 

-CO(CH 3 )mCH 3 , 

-CO(CT 2 )k(CH=^)n(C^)mCH3. 




-CO(CH2)k(CH=CH-CH2)a^CH2)mCH 3 , 
-CCH 2 XCH(OH)(CH 2 )mCH 3 , 
-CO(CH2)kCH(OH)(CH2)n»CH3, 
where, 

•k" and W are independent integers of values from 0 to 30 and «n 7 is an 
integer of values from 1 to 10. 

r 4 is a substitution group chosen from: 
-H, 

-CH 2 (CH2)mCH3, and 

-CO(CHj)mCH3 

where, 

'm* is an integer of values from 0 to 30. 
R 5 is a substituent chosen from: 

-CO(CH2)n»CH3, 

-CO(CH2)n.CH(OH)(CH^jcCH3 
-CO(CF 2 )mCF 3! 
-COCF 2 (CH 2 )«CH3 > 
-CO(CHa)i c (OT=^)n(CH3) ia CH3 J 
-CO(CH 2 )K(CH=CH-CH 2 ) n CCH2)n 1 CH3, 
or a structure of the following group: 

M-(CH 2 )nr(CH=CH)i r (CH=CHCH2)p-CH 3 (CH^-CCFsfcrCFa 
(CH^-CHa (CHaJir-CHa 
O 

H( y^(CH 2 ) Br (CH=CH) ir -(CH=CHCH 8 ) r CH 3 
O 

HN A-(CH 2 } fS -(OH=CH)H-(CH !S ChCH 2 ) r CH 9 -^^^y^ 



^Sr^o— (CH2) m - a<^^^ 
o 



wherein, 

<lvr is CH 2 or CO; 'k' and 'm' are independent integers with values from 0 to 
30; V and 'p' are independent integers with values from 0 to 10. 

U. A compound according to claim 10 where a structure is further defined by the 
following specifications: 




where, 

•r 2 ,- s hydrogen or o-D-galactopyranosyl residue (I), 
HO oh. 

0H ± 



R 3 is a substituent chosen from the following: 
-H, 

-(CHWmCEb, 

-COCCH 2 )i < (CH=CH)i 1 (CH z ) m CH3, 

-COCCHsJkCCH^^-^yCHa^CHa, 

-(CHaJkCHCOITKCHz^CHs, 

-CO(CH33kCH(OH)(CH2)n»CH 3 , 

where, 

'k' and *m' are independent integers of values from 0 to 30 and V is 
integer of values from 0 to 10. 

R* is a substitution group chosen from: 
-H, 

-CH 2 (CH2)mCH3, and 
-COCCH 2 )mCH 3 

t 

n 



BBS ^O'SiiST'Oe 



where. 

•m' is an integer of values bam 0 to 30. 
R s is a substitution group chosen from: 
-COCCBamCHCOHXCH^CHa 

-CO(CF2)mCF3, 

-COCPiCCHWmCHs, 

-CO(CH2MCH=CH) n (CH 2 ) m CH3, 

-CO(CH2) k (CH=CH-CH^(CH2)mCH3, 

or a structure of the following specifications: 

.^(CHahB-tCH^HJjr-CCH^CHCH^^ JQH^-^F^rCF^ 



wherein, 

'M' is CH2 or CO; 'k' and 'm* are independent integers with values firomO to 
30; 'n* and 4 p' are independent integers with values from 0 to 10. 






O 




12. A compound of the following structure: 




ow aB2 u o ^ toe 



where, 

R is a substituem chosen from the classes of compounds designated as 
steroids, terpenoids, iridojds, sesqiterpenoids, diterpenoids, triterpenotds, or 
alkaloids. ? 

13. A compound of claim 12 where the .steroid group R is chosen from the following: 

r fr J r- f ^r J r 




14- The use of compounds in claim 1-13 as therapeutic agents. 

15. The use of compounds in claim 1-13 as active ingredients) of pharmaceutical 
composition in liposome formulations. 

» 

16. A process of making ctpGalCer analogues (mimics) that contain at least one double bond 
in the aglycone. The glycosyiation reaction, in die presence of a Lewis acid as a catalyst 
is carried out by the use of the following critical intenaediates and results in the 
formation of the following glycosides: 

a) A glycosyl donor of the following specifications: 

PMBO 



•i& O H-Wm. 8iBE« 11^ e 7> o s 



where, 

•X' represents a leaving group including, but not limited to, ahalogen, 
OC(NH)CCl3, -SR, SO2R. -0(CH 2 )3CH=CH 2 , -P(OR)2, and P(0)(OR)2 
where R represents an alkyl or aromatic group; 

R l and R 2 are independently a hydrogen atom, alkyl group, or an aromatic 
group; 

b) A glycosyl acceptor of the following specifications: 

. y* ' 

HO v X^R 3 
ORS 

where, 

R 3 is ati alkyl or alkenyl gjbup, substituted v orjnunibstituted; 
R 4 is an .amine protecting group or4n fatty 2cyl group; and 
R 5 is a hydroxyl protecting group; 

c ) a glycoside of the following specifications: 



o 




PMBO I ™Y 

OR? 



where. ^ ■ 

R 1 to R 5 are the same as defined for glycosyl donor and glycosyl acceptor in a) 
andb). 

17. The following amino glycoside which is obtained from the glycoside according to 
claim 16, by further chemical treatment to exclusively remove the R protecting 
group. 



to 

x 



R 1 

*OR5 



A glycoside of the following specification. 

R aX \r? 



OR 6 



where, 



R is an alkyl or alkenyl group, substituted or unsubatituted, and R , R , R and 
R s are defined as in claim 16. 

The process of removing protecting groups <R S , PMB, and R'r'CH acetal/tetal at 4,6- 
0-position) of the glycoside of claim 18 in a non-preferential order to yield the 
following a-GalCer analogue. 




HO o. 



OH 



where, 

R and R 3 are independent alkyl groups, one or both of which contain at 
least one double bond. 




AGL-9b 



OH 



Agelaspin-9b (AGL-9b) was isolated from marine sponge, Agelas mauritianus, 
and showed antitumor activity against melanoma. 




KBN7000 



OH 



KRN7000 is a synthetic analog of AGL-9b and is currently being evaluated as 
antitumor and immunomodulating agent in the clinic. 



FIG. 1 



oc-GalCer from natural sources and chemical synthesis as potential 
immunotherapeutics 




Unsaturated fatty acid: 



o 




Fluoro-substituted fatty acid:: 



o 




FIG. 2 Structures of fatty acids used in the design of a-GaiCer mimics. 




FIG. 3 



a-GalCer mimics with modified A/-acyl group on sphingosine 




OH 

O 




OH 

O 




OH 



FIG. 4 cc-GalCer mimics with E-4,5-ene-sphingosine and modified A/-acyl group 




OH 



FIG. 5 



ct-GalCer mimics with GalNAc a-linked to sphingosine carrying 
modified A/-acyl group 




FIG. 6 



a-GalCer mimics based on serinol 




FIG. 7 oc-Ga)Cer mimics based on serine 




FIG. 8 a-GalCer mimics with modified sphigosine 




FIG. 9 a-GalCer mimics derived from pentaerythritol 




FIG. 10 Divalent a-GalCer mimics derived from pentaerythritol 




3-0-(o/p-galactopyranosyI)-cholesterol 




3-0-(a/p-galactopyranbsyl)-stigmasterol 




3-0-(cc/p-gaIactopyranosyl)-sitosterol 



FIG. 1 1 Steroidal galactoside (GalSterol) as functional mimic of a-' 
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FIG. 1 5 Structural features of natural oc-GalCer and synthetic mimics 
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